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A B S T R A C T

I)AllY’S’ SM1 (Dshell)  is a multi-mission spacmajl
sill17\lotor  fOT’ d(!vclopmcllt, teSt, (illd llC1’ifiC(ltiOTl  Oj

jliglLt so~t,umrc  arid hardware.  Dshell is porlablc
florn dcsktoy workstations to lcal-tinw,  lLal(l({l(L7c:-ilL-
the-looy simulation cnvironmmts.

Dshel 1 integrates the I~A R~’S S/C jlmilk mvlti-
bod~y (lyrtorfLics co7nputatiolLol  c71gi7Lc with litwarics o f
haliumc models (jor  ac tua tors ,  s e n s o r s ,  motors a n d

mco(lms)  iltto an i~lkgl’(ltd  simvlmtioll cnvilonllLcllt
t}LOt C(lT1 bC C&Sdy COllfi(J~ld  {111(/ illt(!l’fOC(!d  With ]hl}lt

Softvlal’c  071[1 hol’dulare for Val’iolis 7’(Ml-t,i711c  a71d 11071
Iwd-tintc  S/C simulation needs.

Dshell i s  in wc by swerol  o f  ATASA’s intro -
])h171Ct07’lJ  de(y) space m i s s i o n s  iTlcludin!]  Galiko,
Cmsini,  M a r s  l’at}tfindcr, (lTld S(WO’(11  J1l’OjCCtS  ilt
,11’1’  ‘s Might Sy,st(’111 lkstkd.

1 INTT R O D U C T I O N

1 )S111;1,1  is a high fidelity, Inlllt i-ll]issioll slmcecraft dy-
~latnim simulatio~l lmcka~c. ‘1’lIc I[mill goals o f  tllc
I) S}lt:ljll mlvitonmcnt  are: to significantly  IWIUCC  tllc
sof[ Marc dcveloIj]llellt  requird  to i[ltctfacc  dylmlllics
sil[lulators,  hardware  lnodds atld llatclwa[c-itl-tll(  ’-lc)c)l)
devices; to Clilninate tllc need for se I)arate interface  dc’-
vclo])~nmt  efforts across the various (alla lysis, soft WHre
atld real-time) testhcds \vitlliti a ~mojcd, and allow
easy mi~ratioll  of xllodcls  bdwwvl  tcstlmds;  to allmv
tllc easy sul)lmrt  of a varietjy of S/(; cc)llfig~ll:ltic)~ls and
]nodels and silnulatioll  wl~riro~lltlc]lts  for all tlte IJHSCS
of tllc Illissioll; allmv tile easy mow  atld cust o~[lizat io]]
of liardwrarc  Inodels across v:trious l[]issiolis.

‘1’lIc  core of ]) S111;11  is ] )AR’1’S, a gcllcl’ic Colnl)ut :i-
tio~l cll.gil~c  for flexible ~nulti-lmdy dy~laltlics. IIowmm,
s] mcecraft dy~lat[lim a r e  affected and detctl[li~ld I)y
slmcific classes of rm-tit[lc hardware devices. ‘I’l Lesc
clyllalllics-cl c! IJcll{lcllt  Inodcls call h grc)uId,  as tll[’y
arc ill 1) S1l}:l ,1,, il]to actuato~,  smmr, ]Ilotor  slid ctI -

Cod(’1 ltlodcls (s(’c Sw. 2 .2  fol tllc ddillitioll of tllcse
classes). Act uat ors and ]Ilotols lwi[ls t llosc dcviccs
t h a t  affwt  tllc dyllalnics,  a~lcl SCIISOIS  slid CIicodcM
~vllicll  arc affcctd l)Y tl]c dy~lat[lics. IIardJvaN  l[Io&
e]s for (Icvim such as gyloscoI)es, thrusters, and star-
sca[ltlcts  ale organized  ill lilmaries, which ca[i be cre-
atd 01 auglllmltd by tile u s e r . Nloclels have statl-
dardizd itltmfaccs  to I) AI{T’S, the extcrl)al  simulation
eil\’irolllllcl  Lt, atld tllc met. q’lle l)lug a~ld l)lay si[llu-
lat ion call 1)[’ easily co)lfigurecl and illterfacd to fliglit
soft tvarc for algorit  IItn develol)]llel  It, as wdl  as for test
aIId irltcgratio]l.  ‘1’11[’ c)l)j[’ct-c)liclltccl  It]odel libraly ill-
cludw  cxtuwilw  illstl~lt[lc’lltatic)~l  fol gil’illg a uscl  tllr
lligll visil)ility it]to tllc’ si][lulatiotl ]Iwessary  for dikc-
tivc uw as a dwigll,  d(’velol)lnCl]t  al]d test  tool. ‘1’hc
dcsigtl of 1 )Sll}tljlj  II Iakcs slmcw[aft  situlllat  ion a silnl)lc
task of assc][il)litlg tlie dmird CIISCIII1)lC of had~varc
Itl(dcls,  }vitll sol IIe rlotio~l of tile sl)arcuaft’s inert ia
aIId flcxil)ility.

I )S}lltlrl aII(l its lIIodels aw classifid as wa-titnc
lmausc tllcy colnl)lctc tlleil mwutioll  w’itl]ill a  t i c k
of siitlulatio~l tiltlc. ~’llis dder[nillistic Iwlforlnatlcc  is
wqllird fo] sy11cl]ro][i7i[lg  t llc I )SII1/Ijl  J II Iodcls  \vitli
ot llcl sir[llllat iml lllodc’ls outside of tlic 1)Slll~117  etlvi-
ro]llllcllt. ‘1’liww otflct  sit[lulat io~[ lIlodc’ls I[lay m Itlay
]Iot IIICet  wa-t i]llc ~)clforltlallcc  0 it c]ia. Models a r e
irlll)l(vrlelltd  as lloll-rml-t  it[le due to tllc Ilatutc of tllc
(Icvicc  tllcy siltlulatc,  01 t o  e[lsul c t]lat  mitical  wal-
ti[[lc l)c’lfc)llll:il]c[’ lc’cl~lilc’[tlc:[its  of ttlc silllulator  a r e
I[ld.  Nell-rca-t illlc xnodcls rcsl)o~ld  to cwwlts  01 con-
l[liltl(lS tliat do IIot llwessatily  Coln])lete  Jvitllitl a tick
lmu]ltlaty.  I~igurc  2 SIIOUW all exanl~)lc of tile ki[lds of
II I(K1(,lS that cal I Im l)al  t of a realistic slmcec[aft  sil[lul:i-
t io~l; it also slimvs limv IIoll-real-tilnc Itlodcls cali affd
t II(, lwllaviol of wa-t il[le I) S1l HI)IJ l[lodcls. Fbr maln-
l)lc }vitll ol)tical llavigatio~l, tile C:llllma i[lstlulnc~lt  i s
wml I)y AA(NS flight softwwrc  to dctcllnillc  tllc l)oillt-
ill~ ]]rwisioll of tllc slmcwraft ,  Irllicll itl turn afl’(,~ts
limv oft CII tllc’ 1 )S1ll; [J14 t I]rust ms aw fird filed.  ‘1’1111
Cattlcla ittmg(’  I[)ust  IIC syllcllrc)lliml  \vitll thr sl)ace-
craft dyllalilics,  l)ut tllc sit[lulatioIl slIould  Ilot lRVC to
}vait to wc(’ivc  tlte calllera  iltlag(’.  It is tllmefole  de-
sit cal)le t () llavc cvcIlt-dlivui  ~loll-rc~alt  il[lc Inodcls I utl



l~igutc 1: Rxalnl)lc sImcccraft  sir[lolat io~l
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]~igurc!  3: l,lllslhl lvla]) of 1) S[11111,  ill a Sl)acc!craft siln-
ulat ion



colntnullicat,c  vitll I~S1lr+ljlj real-time Inodds  irl mdcr
to silllulatc  a complctc  sl)acccraft.  To that (!nd, LIIISIKI
was dcvclopd.

I,llls Ihl is a litmary which uses a data flow Ilaradigtll
for C.ollllccting  llip;lw-lmd dcvicc and sulx5ystc[tl  lnod-
cls, and lJrovidcs s~)ccial fcatutes for Illodcling faults.
Itxaml)lcs  of 1,1 llS1ld modds include bus il)tcrfaccs,  dc-
vicc clcdrollics, a~ld va]vcs. ~’hcse pro~xvtim Inafic
1111S1 hi inllcrmltly  the hi.ghcst software layer of t,llc
silllulator.  F;vwlt-driven hardware  device Inodcls call
lx: writtml  ~vitll L ]  }N1L4, and cvcmt-cltiven l)roccsses
call bc queried  via a LIBSI M ~vrap~m modd. A 1,1 []-
S I hl ~vt’al)lm mock] wou]ci  send and rcccive ~nessagc!s
to allcl fro~ll tl}lc non-real-tilnc procmscs,  to itlcol l)o-
rate tllc data from tllcsc  proccws(!s  illto tlm real-time
COW.  AIICI it is throogll  a I,]BSIM wrap~w  Inodd  illat
l) SIIIJI, I, (figure 3) catl haw cm[ncctivity  }vith a lliglicr
level silnolator.  (See rcfcwulce  [1] for Inom illforlnation
011  L1t{sl M.)

l) SIIEI,I,,  I) AI{l’S and I,If{SIM  arc all lJart of alI illtc!-
gratc!d software I)ac.kage calld the Aut omxny Tcstlwd
Ihlvirontncmt  (Arm) toolkit. This  toolkit, also crones
Tvitll a 31) a~limation tool called l) VI FJJV w’llicl~ mlders
tllc motion  of a sl)acccraft,  as comlmtd  by I) SIIM,I.
l“i.gurc I illustrates a siml)lc slmcccraft  sit[l~llator rvllicll
w a s  writtcvl using tllc A’1’IIE too lk i t .  This  sillll)le
slmcccraft,  in tllc sl)acccraft  silnulator  i s  b e i n g  au-
tolmr[lously cmltrollccl )y A ACS flight softwmrc, witl L

tllc sl)acccraft  s tate  variables being l)lottd ill rcal-
tilnc.  A Llilslhl fault  i n j ec t ion  (;[II alkmm faults  to
lm illjccted  into tile spacwraft simulator to test tflc
rcsl)olm of flight software faults. (SW refmmce  [2]
at~d [1] for a mom dctaild o~wview of AI’I IF,. ) Illlt
tllc core l)a&agc  in the AITIE toolkit is still I)s!lRI,I,,
~vit,lloutl  which realistic spamxraft  simulation could Ilot
lx ljoilt.

2  DSHELL D Y N A M I C S

1 )S1 I 1,:1,1, is a multi-missicm sl)acecraft  si[nulator  for dc-
vclo~)lncllt, test and verification of ffiglltj soft~varc  and
clyllatllics-clel) crlclellt llardwate. l) S1[llll, is Imrtalde
fm[l dcsktol)  workstatiolm  to real-tilne,  llatdw’alc-ill-
tllc-lool) simulation envirolltomlts.  I )Sll Fjl,l, i~ltegrat,cs
tl]c I )Alus flexible multi-body dyllamim  comlmt a-
tional  cllgillc and lil)rarics  of llardw’am  Inodcls ( f o r
actuators, scnmrs  and lllotors)  into a siitiulatioll  mlvi -
rolllnc]lt  that call bc easily configured and interfaced
with flight, software and llard}vare  for various mal-tilnc
and ]lon real-tilnc spacecraft, silnulatioll  lmcds.

I’llc lnair] goals of tllc  1) S111:1,1,  r~lviroll~nmit  are: to
Significantly reduce tllc softwfatc d(W!lOIHIICIlt  required
to itltcrfacc  dyllalnics  siloulators, llaldwrarc  Itlcdds
and ll:ircl lv:lrc-il  i-tllc-lool) dcviccs; t o  clitniuatc  tile
~wd  for sq)aratc itltmfac.c clc’lrc:lol)lllc,llt cfl’olts auoss
tl[c various tmthds  (arlalysis,  softlvarc a])d rea-tirm)
W’itllill  a 1)1’OJW’t,  all(l alh’ ~as~ IIli~lat,iOll Of ltK)ddS

I)ct,wecll tcstl)ds; to allow tile easy sul)l)ort  of a vari-
ety of S/(; co~ifigurat ions and I[lodcls and silnulation
cllviro~llncmts for all the phases  of tlm mission; and to
~xmnit, tllc easy mose and Custoruixatioll of liatdwarc
models across various missimls.

1) S1[1;11, is a lilmary irlll)lmnrvltcd i~i C+ + Inay lx’
c~l)lddd  ill atlot]lcr  s imulator  as  desmilml  ill sec-
tioli 1. Or, a slllall “lnaillo’”  rout ilw calL bc lvritten  to
SCII(I  data ~)(!t,\VCCIl  flig]lt  SOftWal’c  a[ld 1)  S111:1,1, nlOdd S,

all(l  advatlcc sitnulat  io~l titne.  For xnodcl (lc:\relc)lJxllc’llt,
a g(!fm’ic  ‘{oIm[i-looI)”  vwsiorl of rnai[lo  is a} ’ailablc  i~l
wllidi  tile user controls tire! allcl data to and fro!n
Inodcls. lllis is invaluable for w iting  I)atcll scril)ts  to
do regrcssiol] tcstitlg.

Silnulation  time is trackd I)y I)s~ri~t,r,  f rom the
start of silnulatioll.  Each  tick of silnolatio~i t,imc is
all 1/0 step for I)sltttljl,.  l[l~)uts aIld outl)uts  to atld

frmn l) S}ll;ll, lnod[!ls arc mlmtrd  to occur witllitl  that
tick. Fkirll  1/0 step consists of all integer ~l~ltn}mr of
integration steps. And for cacll illtcglatio~~ step,
]) Al{’l’s co]lll)utcs t~lc lllulti-~mdy dyl~alnics.

2.1 I}ARTS Dynamics Algorithms for Real-
Time Simulation

1’]Ic I) AI{’1’s dyllatnics  compute crigillc [3] itol)lcmmts
a  f a s t  and Cfiici(!llt sl)atial  alg(!bra  recorsi~w al.go-
rit llm [4, 5] for sol~’ing  the dyualnics  of flcxil)le, lnulti-
ldy, t ~(!c-t,qdogy  systems. It is very gmlcral, ancl
is also it 1 usc for llo~l-sl)accmaft  al)plicat  imls such as
Illolmllar dy~lalnics [6]. ])ARTS  is a liln’ary  irnl]k-
Illmtrd ill Ah’SI C a~’ailal)le f o r  lJILix aILCl  TTxl$’orks
l)latfmtls.

AIl atlalyst  ~movidcs all iu~mt file that is read  at ruIl
tirilc aILd s~mcifics the boclies  that make u1) the sl)acc-
maft:  tlwir  lnasscs,  illcntial atlcl fkxihility  ~)ropcrtics,
as well as t lm tylm of hinges that bind t lwltl togdhcr.
A lli~lge co~kllccts  t~vo hodics,  arid tllcrc  are ~llally tylms
availal)lc (SUCIL as ~)in, [J-joint, gitl~l~al, trallslational,
and otllms).  (\VllmL I) AIUI’S is llSC’d illconjulLt  ion wit 11
]) SIIII:l,I,,  a]] t]lc ])ARTS  informatio~l caII i)c ])lacd  il l

tll(: l)S1ll~ljIJ  ill~)ut  file.) ~lodi(% lnay t)c cmlllected ill

a  tl(!c to~)ology, witl I eacl I body llavitl~  a sirglc l)at-

cnt  I)()(ly,  atid tlI(’ root of tllc twc l)citlg  referred to as



the base body. The locations of Ilamcd nodes W1]CNI
forms Inay lw aIq,lid or clynalnics ~wo~mrtiw  Should
1 m computed arc :ilso specified itl a I]AIWS  in~mt file.
llccausc  the ahovc!  data is not lladcodcd,  dyllatliics
!nodcls call be easily constructed for difk!rmlt Inissiolls,
and Inodels can bc changed without, Immssitatillg  tlw
rccolnl)ilatioll  of source code.

2.2 DSHELL Moclel Classes

I)s11 I:r,l, ]wovidcs  W+ base classes for IIardwalc  dc-
vicc lnodcls.  Actuators can iltl]Jalt a fcwcc 011 a IIOCIC
o f  a  body,  such a~ a tllmstcw. S e n s o r s  aw at,tacllcd

to a ndc of a body and make use of dyllatnics  calcu-
latio~ls produced hy I)AWS for that node. ltxam~ks
of sensor modds include star trackers ad gyroscolms.
Motors am attacllcd to hinges and am used to articw
late! the bodies  that the llillge colltmct,s. IIhcoclers  arc
also attached to llillgcs, and arc to II1OLO1S  what  sc!tmrs
arc to actuators. I)SH 1)1,1, dwicc models  are lnasslcss,
and other  tllall aI)plyillg a force or articulating a body,
do ~lot affect tllc dyllaluics  of the sl)acccraft.  All four
of these classes arc derived from a cmmliloll  I)asc!  class
(Model), which defines data ad Incthods  associated
\vitll each rnodd.

I)at a for I)sIIEt,I, models  co]lsists of l)arallmterx,  dis-
crdc states, continuous states, commands, and out-
~)uts. Paralllcters arc values tfkat arc set while rca(l-
i[~g tlm r)Sll~IJIj i[ll)ut f i le  UPOIL  startul), but, arc not
d)all~ml)lc  by the model itself. Discrete states arc
initialimd at stattu~),  and lnay k IIlodifid  I)y botfl
tllc lllodel atld t h e  u s e r  ducin~ rurI  titnc.  Contin-
uous states ale updated by tllc uumcrical  irltJcgra-
tor  itl I )AIH’S,  and requit’e the model })uilder  to I)rc)-
vid[! a rnctflod fcm cornlmtin.g  the derivatives of tllcsc
states. C,ommands  are time tagged data strudurcs
scllt, by flight scjft,wa~e, ad outputs am  tiIne tagged
d a t a  stIuctuMs scn]t to f l i ght  so f tware .  ]’aralud(m,

discldc states, comlnands aIId out~mts may bc of any
I)asic C data type (such as 27Lt 01 double),  C c!llutlm-

atioIl,  stluctuw,  or fkdsizc zmay. Structures may
1x: llcstcd,  ~Ilay contain arrays, arrays  of structutm arc
lwlllittcd, atid so 011. Continuous states arc eitllm
dou blc or arrays  of double.

~’here aIc I’atious mdhods availal]l~! for a 1) S11111
Inodcl  to ddillc its I)chavior. Pm- al~d p o s t -  1/0
step tncthods  ate callccl at the begitltlitlg and etld of
a7! 1/0 stqj, and arc t.yJ)ically  used for modds to I’c!–
trievc  coxntllands  froln atld send data to flight soft) ware,
rcslmctively.  Pre- al~d post-integration step ltmtf-
OCIS  arc called at the lwgiuniug  and CIId  of an illtqya-
t io)l st,cl ), and are typically usd to coml)uk  discrdc

St,aks. lkIclL illtcgratiolL stel), all irltegcator  calls a
fullctio~l to colnlmtc: the time! derivative of tllc I)AWS
state vector. ‘1’llis fullctio~l also calls pre- and  post-
dcrivativc rncttiods for cacli 1) S}][;1,1, mode l  ilnlndi-

ately  Imforc aud after coml)utatiol[  of I) AK1’S  dcriva-
tiws. ‘l’lie l~rc-(lc’ri~’ati~rc:  lncthod  is tyl)ically  used for
a c t u a t o r s  to al)~)ly forces to tl)c I1OC1CS tllcy  arc at-
taclld t o .  ‘1’llc ~)c)st-clcri~fatit’c mdhod i s  tyl)ically
usd to colnl)ut e the time derivative of any continuous
stat es t llc I]lodcl may have. Tlw xlllml)cr  of times tllesc
dctivativc  ~lldhods  am actually called Im integration
stq) dc~mlds OII tllc! nu~nerical  illt~E,l’atiO1l  algoritlkm
sclcctcd.  hTot,e that uulifw ], IBSIM) I)s}[KI,I,  models do
not illtetact with each other directly, so the I[!lative
order iu wllicl~ tllcir  methods aw exccutcd  docs Ilot
lnattcr (figure 4).

‘1’lIc I)ase classes ~lroviclc several mctllods  useful to a
Itlodcl, iucludillg  lncthods  to get the simulation titnc,
stq) sires, a~ld I) AlVI’s illforlnatioll.  1’lICSC  would hc
called from tlic model’s pm/l)ost 1/()  stcI) and other
Indllods dcscriljcd  in tlm lwcvious ~)aragra~)ll.
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l’igute 4: ‘1’y~)ical  data flo~v for a 1) S1[1;11, sit[lulation

2.3 DSHELI,  Model Libraries

Classes for actual  dcvicc Inodels ate delivd ft o~tl ally
of tllc four l)asc classes dcscribcd  ill scctio)l 2.2. ‘1’hc
code for IIIodcl  classes may bc NOUIKK1 into reusable
lit)l acics, otgatlizd  ~mlla~)s  by ]I)issionj l)y ve]ldor, or
l)y tyl)c of dcwicc. ‘1’llcrc  arc swcral Inodels a~ailal)le
for tilt’ustcls, gyrosco~)cs, s tar  scalltwrs,  accclcromc-
tms,  a)ld otllcr  dm’ices used on J1’1~ sl)acccraft.  l’hey
call be used as-is for quick ~)mtotyl)c  silnulatiolw,  cw as
a stattiug lmillt for silllilar  models 011 a llc~v sI)acccraft.



lkxause all I) SIIEI,I, Inocfds  use the! satlm se t  o f
lm!dcfiIlcd  ]nctllocls,  aIl  autol[latic c o d e  getlmatol i s

availal)lc  to si[nldify Inodd devclo~~rtlc[lt. ~’lIC  lIIOdC]

dcwdolmr  wlites a text f i le that dcsuilws  tlIc Inodel,

list, iIlg tlle ty~ms,  llalnes, ad dcsclilltims of t~l~ pa-

ralnctms,  states, colntnancls, and outlmts a s s o c i a t e d

with the model. A prototyl)e  gral)hical  user interface
is available for generating  this file. Tlw code .gcnerator
takes this file as input,  ancl .gw.xates a C++ llca(k:r
file and stul) source file for the model  class. The dcvcl-
o]mr tllcm fills in ltldl~ods  (prc/l)ostJ  I/O stcl) atld tllc
rest)  as necdd  to clcfinc the model’s Ixhavior.  Very
little kmwlcdgc  of C++ is mdc~l, l)llt it is llscf~ll to
bc falniliar  wit])  C.

‘1’hc  automatic code .g(!llwatol  also ltlalm ati intcw-
facc class, s~mcific  to tile Iuodel  class  tllc develoIwr
is ddinillg  (figure 6). The developer ~Lcver  cllatigcs
this code and does not ncd to well look at it. l’llis
class ~mvides  modd-specific  functions to issue co]rl-
mancls  and mtricve  outputs fmn a mod(!l,  code ccml-
monly needed to define a text interface to tlie Inodcl’s
data, and other  mdhods nded by I)s~[P:[,  I,. Tllc  cmli-
malkcl  and output funct)iolls }voulcl  tyl)ically  IN called
from the sitnulator  o~ mai~lo routine that calls otllel
I) Slltl,l,  mutitles. T h e y  are ~nodcl-slmific  to kcq)
tllcvn tylm-safe (avoiding the use of void * pointers
rcdums  t)lle oc.cuwe~m of solne l)rc)~l  amtlliug  erl cm).
‘J’llis also allows a Sitn])ler  illtc!rfacc for co~nlnallds  and
Outlmts of basic typc:s, atld is fastw tl]all  ]m fo)Inillg

any kiIld  o f  mamllalling or collwlsioIl  o f  stluctull!s.

l’llc code gcnclated for tile intelface class is ln(!ant to

clilnillatje  t e d i o u s  coding by a dcvclo]m that is tylb

ically n(!ccle(l for a model. It is gmkeratcd  ill a class
sq)aratc  froln the actual xnodcl class to clearly dditl -
eate  code the developer should Iaodify.  ~’llis ll(!lIH  lwc~)
tfle code fol tlw stub I]1OC1C1  class slnall.

~
I Model I

I I I I model base classes

(’Actuator i \ Sensor
),

( Motor  ! ( Enccder  j provide interface hooks
to DARTS and Dshell

1 ’ model-speclfic  in ter face class

I ‘“’’mhr”’’”r”
automatically generated, developer does not modify
provides text interface to model

II model class

I
( M~~hWS1e, “stub” code automatica//y  generated

developer fills in methods to define model behavior

F’igurc6:  I)slll:r,[,c  lassllic:ralclly

2.4 ]) SIIELL  Run Time Environment

~’llc i~llmt file co)ltainitlg  I)ARTS  inforlnatio~l may also
co~ltailk state[umlts  t o  itwtalltiatc ~nodc:ls, sl)ccifyitlg
tllc ]mdcl class and illstallcc  Imlle. States and pa-
ral[lctcrs  for a Itlodel Inay be itlitializd lLere as well.
Again, ~lot had-coding this i]lforlnatio~l  makes it eas-
ier tc]cll~ltlgc  cc)llfigLlratiolls  \vitlloLlt rc’cc)lll~)ilitlgcc)clc.

Ilike l,ltiSIM,  I)sllK1lJ also IIas an extcllsivc  set of
7’clc’bm~natlds  Jvllicll call be used to get illformatiolL
al)outj tllc silliulatioll  ad models therein. 111 l)artic-
Illat, tllc v~il{lcs of Iuodcl states and ~mratndcrs  call
I)c ldd and ldcd fmn tll(! colt\lnalld  lillc, coln-
~nalids  to Iliodcls  call l)c issud as if they  catne froln
fli~llt soft~vare,  and outlmts ftolti Inodcls call I)c exam-
illcd. I’llece am cr[oug}l  corntnallds  awilal~le  to query
wllidl  lnodels ar(!itlstantiated ad tllc data types ald
dcscrilJtiolls  of model states that a gral)hical  user itl-
tt!rfacc to clisl)lay state data catl dynalnically  create
itself, so a ~)rogramtner  C1OCS not need tc) clla~ige GIJ1
code i f  tllc sit[lulatioll  col)figurat,ioll  cllatlges or Ilcw’
m o d e l s  are addd. A l)rototylw  of SUC1l a G(JI has

l)c’cl~i[tll)lcltlc’llt(:clllsillg ?’k.

] )  A I { l ’ s  aIId 1) S11111,1, mode]  state variabk’s  can ~

c.l~eckl>ointml  to a  text, f i l e  cmltainitig  “l)oke” COIII-

lnan(ls. l’llisfll(! caIllw  edited Ly tllcusclif IK!cessaty

w’itllout ~~wdillg t o  k[mv ally syllt,ax ot,f~w  t,flall  t,lle

al~cady  fatIliliar  ‘1’dcolnmands. 011 a sulmqum~t ruII,

t,llis file call Ix’ US(’(I toinitialim! states and resunle a

pwvious ruII.

1) S111;1,1, call also keep track of Inultil)lc S/C; dynam
ics ~Ilodels. Alterl\ate  dynamics models of the satnc
slmcecraft call l~c selected ftoln (sllcli as ill-cruise  vcr-
SUS  ill-oI”f)it,  111[ ) ( ] ( ’ ]S  N’it]l  Cliff(T(’Ilt  fU[’1 Sk)Sll ~)(’lla\riOl,

or l)K- wrsus lmst,-  l)mlm r e l e a s e ) .  OIlly OIlc such  al-

tcllmt( dyImlics Inodd may I)(:  acti~rc  at ally givel~

titnc, aIId I) Stlb:ljlj dm’icc lnode]s imIdicitly  int,crface
otlly to tile active Inodcl. Or, lnultil)lc  slmccmaft  call
1)(’ I)ookkq)t> as ill the hTcw Mill(!lltlilllll  I’rogratn>s
I)CC1) Sl)acc Flight  3  f o r m a t i o n  flying ~nission.  Ally
co[nl)iliatio~l of alternate models for multiple sl)ace-
cxaft is allowd.

As}vith  I,Jt)SI~i allclIIA1trl’sltl(>clcls, l)slII:I,Imo  (l-

els call l)c deactivated from tllc 7’cl command line 01
start,ul) file. This is useful for dcl)uggirlg,  or if thcl”c
aw altenlate xnodels  for tllc  saInc sl)acccraft,  device
(* Jcrl,a*H Ol,c uwuld  i,lt wface to actual l,ardwarc:-in-
th(’-loop).

It is also l)ossil)lc to scllcdulc C functions and l’cl



:
MpfThruster,tcl

~
*, DshellAutoGen  I

Input file describing the Auto-code clenerator
r%ta associated w;th  the which is us~ally invoked
model, created by by a Makefile
developer with either a
text editor or a GUI

These four files are
typically generated in a
temporary directory
separate from model
stub code

L

Figurw 5: Illlmt  allcl Outl)utJ  F’ilcs for

scriljtjs at run  titnc  for citllcr  olic:-tiltlc or rqmatcd cxc:-
cutiml.  I’llis is very handy for del~uggimg  aTld ]tlollitor-
illg variables. It is also useful for illtcrfacitlg  l) Slll,:ljlj to
otllm  tools. Sud interfaces IIavc lxwl cwatcd  to Rcal-
I’imc ]nnovation,  Inc.’s data ~tlc)llitoritlg  tool Stctho-

Scoye  and to JI>I,’s  31) viewer Ihicw. ltltwfaces t o
other tools can bc crcatcd it[ a si~nilar  Inalltwr, wit}l-
out having to cllaxlge I)s}[E[,I,  code. Aside from kwl)-
ing I) SIIII:l,l  J code slnaller  and clealm, it Imlics  it easy
to Inix and ~natcll itltcrfaccs  aIIlOILg  testlmls lvllicll  use
diffcrmlt Inonitoriil.g  tools.

I)sII}:I, I, w a s  mccnltly  US(!(l  by tllc JI’1,’s  Cassirli
I’rojcct.  ‘1’IIc  Iwojeit  wishd t o  uldatc tll[! dyllal[l-
ics cmtll)utatioll com of its Flight Software Dcvcl-
ol~mcnt  System (FSDS).  FSDS was dcvelold to

simLllatc:  t}lc A A(2S of tllc ~assit Ii s~)acccraft  in OMI(:I

to ~)mvide a testbd for ~~assilli  flight  so f tware  dcvcl-

olmlcllt. TIIC f3assi[li PIojd dcv(!lo~d FSDS  Lu3i11g

]) A1{I’S  to comput(!  mLllit-body  clynamicsj  ]miol to t]l(!

existcvlcc of I)sEIP;[,I,  and tllc A’I’DIL toolkit,. As a
l~SLllt, ] )AR1’S  \\ras “llar’(lwrir’cd” i[lto their  sirnLllator
lvitllcmt an intmfacc  to it.

Itritll  Illillitlml intrusion  into tllc soLllcc code, tllc
1) S11111, Wras succc!ssfLllly itltcgr’atd itlt,o FSDS. ‘I’ll{!
additio]l o f  I) SIIKI,I,  ~movidd a  sewnlcss 1’c1 itltcr-
facc to lmck and  poke its I) ARM state variablm  atLd
I)ara~Ilctcrs,  and crcatd a scatnless itltcrfacc  t o  tllc

/’ fOLl~ alt(’L’llat(! SpaC(!CL’aft  d~llaI1liCS  lllOd(’]S  fol FSDS.

; ~’llc 1) S111,:1,1, illtelface a l s o  ~)~ovidcd visil)ility i]lto tlw

Developers update these fdes:

b~ MpfThruster.h c++ mode/ c/ass whose methods are
fd/ed in by deve/oper  to define  the
behavior of the mode/

•~ MpfThruster.cc

I Developers do not modify these fi/es:

~-’ MpfThrusterCIF.h

•~ MpfThrusterlF.h

tll’

● 1 MpfThrusterlF.cc

● i MpfThruster.pod

C interface to mode/ usab/e by a
simulator that  embeds Dshe//

Parent  c/ass that  provides a fext
inteiface  to the mode/ needed by Dshe//
Tcl commands

Auto-generated documentation that can
be converted to HTML, LaTeX, and Nroff

l;

]) S11}11,1, slid I) Al{”I’s  data for mt,ct’llal  mo~lito~itlg tools.

OIic SUCII lnollito~itlg  t o o l  i s  StctlloScopc, dcvclopd
l)y l{cal-’l’il[lc  lll~lovatiolis,  ltlc. \Vitll  Stcthoscopc, tlm
]) S111:1,1, and  ]) AIU’S  valia~)k!s can k! Illollitm’ed  in mal-

t,irn(’. AII(I also itl mal-titne, l)\’l F;tV coLIld  d i s p l a y  tlw

(Iyllalnic  bcllavior  of t lle s~)aw!craft. ~’lle mal-time
gl a~]liical disl)lays of tllc clym[nic state of tllc spacc-
claft allow, all a[lalyst  to analym  atld debLIg dLlring the
siltlulation,  slid not just ])ost-silnLllatioll.  ‘1’lK: ability
to lwck alL(l Imlic tllc! I) SIINI, I, valiablcs  allows tllc atLa-
lyst, to clmllgc t,llc dylmmics state to test tllc  N5ponsc

of tllc flight softwar(! to diflmwlt, dyllattIic states witho-
ut wstaltillg tlm siltlulaticn).

3 A P P L I C A T I O N S
Aftw  tllc I)s[[t:l,], toolkit was successfully itltc-

glatd itkto F S D S ,  F S D S  ~vas WdLIl)lXXl  DSHELL
HigI1 S~~ecd Simulator (1)11ss). Currently,  the var-
ious dcvicc II1OCI(I1S itl I)IISS are lining co~ivertd i[lto
l) SIINI,I,  a~ld IIHSIM Inodcls to also lmo~ridc  pcx!k/poke,

xnollitolitlg  atld clldI)oi[ltillg  ca~)abilitics  to 1)11SS.

‘1’llis work  d(’lnonst~atcs tllc vclsatilit,y  of l)sIINI,I,.

I t  call I)c LISd Ilot only t o  b u i l d  11[’w’ sitnulators, bLlt

also to add Inore ca]mbilities  to existitig  silnLllatom  alld

twtbcds wllic]i  cLlr’mltly  USC! I) AI{I’S fol dylLamics  COIII-

l)utatioli.

4  C O N C L U S I O N

A wuscalde,  r[!al-titne s~)acmraft sirnLllator is msc~Ltial
for tllc dcsigll, dcvdolmlcnt,  testitlg  atld integration of
aut mlomy flight soft~varc  atld llarclwaw. 1)s11 Hl,l, w’as
~[ladc fol just SLICIL a lICCCI. Sillce LltliqLw sl)acccrafts



. .

arc defined in an in~mt, file for l) S1llI;Ijlj, there is I1O ar-
cl)itcctural  ]imitatioll  to the muse of I)stIEI,I,. AIICI its
mal-titoe ~mforlnatlcc  and design allows real llardwrarc
to be swappd wit]]  any DS’llEIJI,  hardware Inodcl, aIkd
vice versa.  l’his  characteristic rmnov[!s  doltlaill lmulld-
arics for the tyIws of tcstbcds wit,]] wllicll I)sil Fjljlj  can

bc used.  I)slll:IJL can laigrat)c from a ~mor  f idel i ty,
l)UIC softlvare simulation, to a high fid(!lity,  lliglllnd
hardwatc and software  simulation.

Currmltly,  DsllEI,l,  and tile A’1’BI’;  toolkit arc bcillg
usd in the dweloImKult  of Cassini IIigl] Slmd Silll-
ulator, Ivllicll  is nearing  completion. Tllc Hi.gll Sl)c!cd
,Sitnulat)or  ~vill be {Id during  Gssini  lni.ssio)] op(!ra-
tiolls  to test cotnmancl scqucllccs ~mior  to ul)litlk.

Fbr Inom i]lforlnatio~l on l) SIll+IjIJ, visit, tllc  l) SIIRI1

wrcl)  site: llttl~://cls}lcl  l.jl]l.llasa.gc)\~

5  A C K N O W L E D G E M E N T S

lllIC authors IVOLIIC1  lilw to exlmss their tllallks  for tfle
work pcrfomcxl  by tlw other  A1’IIF; team  mmnbm:
Sally CIIOU, Jatncs  FLI, ~jani [Janal)athi,  ~~lmster Jo(!,
I’atti Kocmig  and Ijin.g S11.

2’I)c mead dfxcribccl  in ttlis  paper wws jwrforlncd
at tllc’ Jet I’mlmlsioll  I,al)oratory,  California  IIlstitutc
of I’dl])ology,  undm colltrad with tile Nat imlal AcrcJ-
naut  ics and SIMCC A(lltlil\istr:tti[)~l.
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